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INTRODUCTION 

The prot)leni of (Ieteriihiiiy tlie tlirectioii and ve!ocity 
oi the v3ind in tlie upper levels of tlie atn:oq)herc is be- 
coniing increa.;ingly importan t with the c!evelopiiie~it~ of 
loiig-ravge flying equipnimt. In 1o1ig flight.: tlie iipper 
n iiid c!iktribution is one of tlie prime consideratiolis in 
cleteriiiining the halance hatn ten p:iy load and fuel. 
Conipnnieu operating over distnrices of 1 ,500 miles or 
mdre use the upper nilid data  to estininte the amouibt of 
gasoline to he carried. An increase in the nuinher of tiir- 
w q -  tr:iif,c- control stntioiis also ninhes n 
upper n- i i id  inforrtistioii for estin;ations of flight h i e  i'ro~ii 
station to stnticjn. 

The prohle~i? tlieii is to  select, a saticfnctory niethod of 
representing the upper N incl field so tlia t the uieteor- 
ologi.;t niay vjLiidize tlie chnngeu M liich might occiir 
a ~ 1 1  to e:7tirr:ate these clianges as accurately as po+.ible. 

In the United Ptnte.; upper wind observnt;ons are i;>atle 
mostly hy single theodolite ohservatimr oi free 1~dlou1ic. 
This 1i:etliocl of ohservntion assiiiiies tt constnii t r:itt> ot 
~hcen t  of tlie balloon m i d  tlie relocit;, is riven by twkiile 
tlie resultnnt of the horizontal compo~!eiits of the ai  erscch 
velocitieh fol. each tv. o siiccr-ive GOO-foot levels. Ti.e 
meteorolo& at prewi  t w,ootlis his surfnce pressyc 
ninp which is Ilrnde up  of i-ery esiict renciings of n:ercuii<il 
harotiieteis. The smoothing process d s n , p ~  out  si:^ :{ 11 
local variations and should be used 011 weatlier ~ i i n p  
repre5ei:ting any ineteorological element. The mo't l iat-  
u r d  1l;ethod seems to be to draw streaiii lines of the air 
AOW. 

COMPUTATION O F  A GEObTItOPI-IIC W I N D  SCALE 

Since tlie magnitude of 'A ind velocity is proportion:i! 
to the pressure gradient, a scale iiiay he comtructed 
which will give tlie correct spscii:g of the streaiii h ies  :inti 
the upper wind maps will he coniparahle to the siirl'ac~ 
prysure maps; tlie actus1 v d n e  of the l~reswre  is ii1)ixti- 
terial. The pre5sure gradient, howeve:., clepencls i i p o t i  
t x o  co~iiponents, the geoctropllic con~pniirut air11 the 
cyclostropliic component. This is sliown in the follou iiiz 
equation: 

1 I). Brunt, Physical acd Dynsmical hIeteorology, p. 193. 
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tissiiiiiiiig an  average lntitude of 40' PI;. and writilig :IS 

the c l i m g ~  of pressiire of 0.10 iiiclies of Hg per "J;" iiii!cw 
the equation will reduce to: 

wiicre .r is the distance between 0.10 in. of Hg isolmrs or 
streaiii lines, U is the air deiisitv a t  any given level in 
pounds per cii1)ic foot, [is computed for the st:intl:ircl nt -  
iwqher(3, and 1- the uiricl velocity in iililes uer hour. 

Tnl)le 1 gives the results of co1ilp:ltntic)i?s for six levels: 
sea l e d ,  5,000 leet, S,OOO feet,, 10,CUu fret, 12,000 feet, 
:ml 14.000 feet. These i~ i :q-  he l a d  out nlo!ig the sides 
vf :I liexngon on n scale correspondiiig to that of the map 
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FIGUHE l.--(;ieostropiiic rind arnle. 
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1 U 1< Orrpg. ieronnuticsl Xeteornlogy, p. i s .  
For btan~l.ird .ittu~,~phere at 40° N. latitude, sea lerel grocwrr=3Y.9?1 in. Hp., t+m- 

prrarrirc.=5Y' F , temperature lapse rate=3 566' F. per 1,Ouu feet. 

CONSTRUCTION OF AN UPPER W I N D  CHART 

Returning now to the probleiii of deterruining the struc- 
ture of the upper wind systenis, the problem of forecasting 
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any metecrologicd element8 depends mainly on n correct 
nn:?lysis of tlie lntcst synoptic condition and a tliorough 
understanding of the history of its development. The 
actual forecast is merely an estrnpolation tempered by 
physical and meteorologicnl considerations. 

The  geostrophic wind sc:ile gives a quick method for 
constructing a n  upper wind map which will have a physical 

structed by using tlie avernge wind velocities in tlie giveii 
area together with the geGstropliic wiiicl scale to determine 
tlie distance a t  which the nest stremiline will be plncetl. 
Working from e:di  successive streamline in this mmner ,  
a wiod field wliich is similar in appenrance to II pre>siire 
field will finally be obtniiiecl. 

Since tlie streamlines are tit clistances which :ire pro- 
pm-tionnl to 0.10 in. of Hg pressiir~, one ciiii refer to the 
stmmiiiies as isobnrs 2nd call tlie :uiticgclonic circulii- 
t ims high prcrsurc areas, nnd the cyclonic circuln tioiis 

Icigures 2 ,  15, :tiid 4 s11ow three such fields on tlirce 
succcs:sire upper wiu(1 c1i:trts lor tiic S,Ooo-fwlt~ level. 
F i p r e  2 s11c)u s a 1:irgc :intic> clonic circii1:itioii c~ver t l w  
Great B u ~ i n .  Figi1t.r 3, 12 hours lntPc, slicrws tlint tlic 
ceiitrr lias niovetl iiito Ne\\ hleiico,  liiid fiqire 4 slio\~:h the 
s m i c  renter over Texas. 

lo \v pre5su re :ire : I s . 

F O R E C  %STING P R O C E D U R E  
r ' l  1 he trnjectory of the center is noted frmi ~ i i s p  to niap 

nn t l  :ill c\trapolntion is m: id~  for :my given time iii tlie 

nieaning. With the aid of several consecutive wind 
ch:irts, say a t  12-hour intervals for the desired levels, the 
Irieteoroloqist ctin see the historical development and 
obtain a picture which will enable him to visualize tlie 
clianpes which are taking place. 

The procedure followed in tlie construction of an  upper 
wind chart is: 

1. Sketch in lightly the approsininte streamlines (lines 
tangent to the instantaneous velocity arrows on the 

.--Upper wiud map fur the S.000-Ioet level, 
March 6, 1937. 

2 p. m. Pacific stamlard time, 

wind chmt). I n  some cases the arrow will deviate from 
t!ie miijority of tlie arrows and the smoothing proces  is 
tcr mnbe a n  estimate of the average direction of flow. 
(Only maps for levels 2,000 feet above the surface of the 
eartl, or higher should be drawn with streamlines.) 

3. The second step is to pick out  one streamline mliich 
seems to follov; smoothly throiigli the field with uniform 
or nuiforInly increasing or decreasing wind velocities. 
Thi+ line will be a base from which the rest of the field 
m:iy he constructed. 

3. Xeglectirig all of the original streamlines except the 
one clioseii as a base, the rest of the field may be con- 

future. Frviits or mind shift lines are noted. They are 
frequently extensions of surface fronts niid can be plotted 
nccur:itely from consicleration of the surface chart. Con- 
sitlerable atteiitivri sliodcl be given to noting clinnges of 
!gnrlieiits in the moving systems to determine the area': 
of increasing or tlecrciisiiig wind velocities. Since the 
wind tlirectioii is tlint of tlie tniigeiit to the stremiline 
c1iange.s in direction mny easily be anticipated. Ri t l i  a 
smdl  nnioiiiit of practice tlie meteorologist will be able to  
visunlize upper wind changes ond give wind forecasts which 
:ire hwed on n tlioroiigh knowledge of the synoptic situation. 

Such ~t series of maps not only enables the meteorologist 
to forecast accurately the wind distribut~on a t  nny desired 
time hiit also to fill in missing wind reports. Occnsionally 
large areas become overcast with low cloud systems and 
no ohherv:itions can be macle for long periods of time. 
If tlic streuniline systems :ire c:irefully carried along from 
clap to clay e l en  with orily a few scattered reports, it is 
possible to give intelligent estimates of upper wind 
conditions for periods of from 24 to 4s liouis. 

ITpper wiiicl forecast q, which h:ive been macle for regtiler 
air live operntion iising these rncthotls, linve shown an 
extrenirly high demee of ncrur:icy with only R few cases 
n-ith tlevintions of nicwe th:in 1 1)niiit in direction on :tn 
s-palint c i m ~ p : i ~ s  and 5 miles per hour in velocity.. 

-I t  prcsent~ only ii few JVeather Biirenu sttitions use 
stre:imlines 011 the upper wind maps. The streamlines 
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as used are only indications of direction and give no 
estimate of velocit,y. 

From the standpoint of air line operation in the future 
with airplanes bailt to fly through heavy wen ther, opera- 
tion will depend only upon two things, terniinal conditions 
and the upper wind distribution. 

It is hoped that, by using a wind scde  such as liere 
descrihed, upper wind forecasting will be put  on more of IL 
uiiiform basis. 

CONCLUSIONS 

1 .  Upper wind charts using st~-eamlines which are 
tangcnt, to tlie wind arrows and spaced accortling t,o the 

velocity give a c1e:irer picture Gf  the wind conditions 
nloft than charts using only wind arrow. 

2. The  isobius on tlie present weather map are used 
hecause they indicate the direction and velocity of the 
wind. Unless tlie meteorologist considers the chnnge in 
pressure for rapidly moving .pressure systems the winds 
computed froni the isobars give only the conditions for IL 
stationary system. 

I f  instend of tryirig to deduce the wind velocities from 
sonietliing more C J ~  less iiitmigihle, \&d direction and 
velocity are  used directly, fewc.r crrnrs arc ap t  to arise. 

3. A geostrophic wind scnle may he laid out  to aid in 
tlie construction of an upper-air stremiline map. 

AIR MASSES OF SOUTHERN BRAZIL 
By .4D.4LBERTO SERRA Stld LEANDRO RATISBONNA 

[Drpirtmento de AeronButlcn PI: 11. RIO de Jmeiro. Brtzil, October 13371 

From preliminary studies made on the atmospheric decrease in cloudiness, and a gr:idunl fusion with the 
circulation of South America, the principal air masses t l i ~ t  
pass over Rio de Janeiro and A41egrete have heen found This modification is manifest in winter in Alegrete 
to he the following: through the increase in cliarncteristic values, greater 

Polar mciritime (Pni)--Polnr ninritinie air 1naq;bes stability a t  low levels, more pronounced stratification, 
originate in the region of the belt of low pressures or surface temperature inversions, a n d  decrease in relative 
'%rave I$ est u inds" oi tlie lintuictic ciide. They appeilr humidity. 

tropical Atlantic air. 

Water Vapor Content (W) Grams per Kilogram 

FIGURE 1.-Characteristic curves of air masses at  Alegrete during summer. 

south of B r a d  R S  ant,icyclones, which upon coming in 
contnct~ with the tropical air niasses form cold fronts along 
which st o i ~ n s  develop. 

I n  winter, hi Alegrete, these masses are con\-ectively 
unstnhle. They have low values of temperature a n d  
relative humidity because they are moving ovcr regions 
which are ~ f i r n i  rclative to  tlie source. These air masses 
frequently reach Rio de Janeiro hut  due to the nccompany- 
ing bad weather, soundings are not practicable. 

In siinimer, despite an increase in v ~ l u e s  of ) I :  and BE, 
tl:c v;inter cliaracteristics persist) at, Aleyete. In  Rio de 
Jmeiro, Iiowerer. the relative humidity is a t  3 mnsiiniini, 
RS a recult of abundant rainfnll at, cold front pasmges; the 
other characteristics remain unchanged. 

The pronounced increase in the cliaritcterihtic vttlues a t  
Rio de Janeiro over tliose observed a t  Alegrete should be 
noted. In  general, stratification is not re ly  marked, 
IJut ratlier a tendency to homogcnei t,y is evident,. 

Afod~7?fd po!ur 7nrtrit;rrie (NPM)-j 11 prowcding to lower 
latitudcs, the polnr air decreases in velocity, and a niocli- 
ficaticon takes place which is characterized 1)y subsidence, 

I n  summer the orch t r i ly  high insfal~ility of the season 
a t Alegrete hinders suhsidence. In Kio de Janeiro, how- 
ever, there is lit,tle difference between F'M and NPM, 
tilthough the latter air masses do h:Lve lower relative 
11 u~nidi t~y v A lu es. 

Troaictrl Af ln i i t i c  (T~b--'I'roi)icnl Atlantic air masses 
originate in the center of actionAof the south Atlantic and 
are transported by NE,  N, and XW winds. 

I n  winter these masses prevail at, Rio de Jmeiro (sit)u- 
ated near the source region), rtlniost exclusively. They 
sliow p e n t  instability a t  the surface, due to local heating, 
and sinal1 lapse rates. On account of their maritime 
origin they have high relative humidities. 

These masses reach Alegrete after a long trajectory, 
and R gradual cooling can be noticed in the lower levels 
with a consequent increase in stability indicated by a 
suri:ice inrtBrsion. Relative humidity reintLins high as a 
resid t nf the lower temperature. 

I n  summer, in Rio de Janeiro; stratification and insta- 
bility are both pronounced, but the relative humidity, 
dtliough high throughout the lo\\ er levels, decreases with 


